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(54) METHOD FOR MANUFACTURING OPTICAL FIBER PREFORM, OPTICAL FIBER 
PREFORM AND OPTICAL FIBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing an optical fiber preform with a large 
diameter while decreasing deviation or non-circuiarity 
degree of the core by a rod-in-collapse method, to 9tqit> . 
provide an optical fiber preform having a preferable non- 
circularity degree and a complicated structure of the 
refractive index even when the preform has a large 
diameter, and to provide an optical fiber which can be 
used as a dispersion compensated fiber. 
SOLUTION: The rod-in-collapse process is carried out 
by fixing a glass rod in a glass pipe (or in a dummy pipe 
attached to the end of the pipe) by using an aligning tool. 
The rod is fixed by the tool at one end or both ends. The 
aligning tool is in a cylindrical form or a cylindrical form 
having one or more parts with decreased diameters. 
When the rod is fixed at one end, the process of heating 
and integrating is preferably carried out from the other 
end. A complicated structure can be obtained by using 
the core rod and the glass pipe having distribution of 
refractive indices. 
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Wi- a J; ? tc p md im% ir a» r- fc a . 
[0 0 2 5] *«^#e>^H«|Cj:i5*»fc=ir*R* 
(%) tPMD (ps/Am) ©M^iSr Bi 
(^■f-. Hi 4 IOTH-J: 5 li4>.C>3TIH!z)5G eO,-S 
i O, , SB— ^ 7 5> KfflSASF- s i O, SB" i- 7 5- K^s 
SiO,*>bi!l, gl? 7 y KK*t-f a *-£.•>= 7©tfc 
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atff^HA & i . 5%, »-i-7y KK>JtB*T*2!A' 

m, S-#7yHl, 5^m, 1 5 5 0 n m-Cffl 
Wtt*, : -4 7ps/km/nra, : - 

0. 0 8ps/WW, Aeff : 20^m*, #ybJi-7 
Kg:7 5 0nm, ££«&:0. 2 7 dB/kmf fc 0 , 
^ T^RipliJfa 0 . 04-4 %<Dimr-m* l£g4ofc 

(%) iPMD (ps/Am) (ilXSI^i-tfeOT 

1 9 7 0, #B?5¥9-2 4 3 8 3 3#^«liffi3g*^ 

Ic:, PMD^S^eiiWM^O. 15ps/« 

[0026] r^T-S!diSS5l#t«. m\mz?/t7 7-< 
r t ic J: t) Jfc7 r-f '<icj?f«©fc C 0 fctt^t *S3I # 

[it 2] 

i:4*. LM7 7 ^''!fi (m) , hrayr-f 

'<ftlmSfc!jroigte# (1/m) -?*>•&. ffiot, h 
^^#VM5^PMDI4/J>$ < 45. 

[0 0 2 7] *«Si;±5DyWy27^Sii*7 
7 4 y *-±.<PK#*ftf&-tZ>-3Mk LTfiJffl 

T^lffl^y 7*-AfcLTi»?|L,T3t77-l'^i: UT 

= 77^T&e,ix5#5;*fl:tt, 7V 
y fflt$k-tz<ov, &<PM#<D=i7 
a) H 7 yK Wi2D) «@Jt (2a/2D) (48 

r »7jffilc J:ftff#R¥ol£v <>*.®o>ffitim bhz. 

*®w<D%y74'<-zm\%-ri>-mtt.<iito<r>*mcz 

hti^iK lfflE©J:$K»IMI5l*«T*.tfPMD;6* 
#fffcHff*7t77-</<£+3£i:as-e£5„ 



[0 0 2 8] 4*5, *3SW©*fel^*5V^-C, Uyxvy 

Yb11yX'<47<oli7xmi.K.r>^x\*mbWfeZin. 

[0 0 2 9] ifc, *«WO*ffil4^ro± 3 *■!)■'(' X(0 

-7ffi(C*!V^Tt^Tfc5 0 ^7^/^7-ro^*5 4 
5 mm J: 5 4*^14, = 57?. WfcifcWWffc 

■n^s, *^KSr®ffli-5 r £ 4 9 

#7^V7V>=.77aI4, «S!EB-T?tt!iflS&Slsa^/j: 
ff*U\ 

[0 0 3 0] *fc v flajfctftfT^^V'T'asjfcS iO,T- 
#7^B> K#F-S i O. XI4G e Oi - S i O. <7> 

*a-g-tir»i5i:, ;bai£;h.5^#:tf7A/^7^:tttt3! 
< , SB»fc»*ftb<ev»*9 An y K©tt1±*as 

[0 0 3 1] 

[SafcW] JUT, SIJSeai=J;5*ISMSra*«)^BiWr 
144V \ 

[oo3 2] w&miRvmm 

^«7 0mra-t?rtSI4«l(C^-f«!:*5U15. 1-2 
2mm*Oi/7^<'f7" MS i O.Si) 5 
mmi^^D-y K (FS&tWiRSO. 9mo 1%«S 

i o,m Sr*a^fcit-r. aiic*-*-i?4*<*-c= 

77*AS:tTofc„ No. 1-1 2ttVvffttILZ. (B) IC 
*Lfcffl.Mft*i:BJ©2j, No.' 1 3ttB)7 (A) IC^L 
HRMMfcMHb&L »P«l4!l5ypi tfc. =7 

7^B#ro^7Aro*aaiBiaaEiii 5 5 o-c (^vn^ 

= -7 , T8JS) . ^«IE(45 kPaiLt. mmtf 
1 5 5 0-1 5 0 0TC(OSgSffl^lCfo5t-K/-VroS 
$146 Omm-Cifc-sfc. S 1 ^*5V^T@^TI4*«WIC 
»^XI4fr«Sriai ; B^Ufc'b»T'fci3, No. 1, 
3, 5-1 2z)5*%^ro*l£fiaj, No. 2Xtf4l4Jt«0» 

1 cflt*r*i-„ 

[0 0 3 3] 
[*1] 
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if#M 2 0 0 2-1 7 9 4 3 4 



* 




/<-f7- 
t*tn) 


*4?k 
S*Cim> 


H2 


1** 


7/ 1*) 


= 7#H4i 

<%) 


nam 






1 7 


1.0 




1 0 




1.0 ~ 2.0 


0 


2 


* 


1 7 


1.0 




1 0 




2.5 ~ 4.0 


0 


3 




1 7 


1.0 




1 0 


T-± 


0.05-O.5 


0 


" 
5 


ME 
R 


1 7 
1 7 


1.0 
1.0 


ft 


1 0 
1 0 


r-± 

-t-T 


1.6 ~ 4.0 
1.0 ~ 2.0 


0 
0 




6 


1 7 


1.0 


* 




T-*± 


0.8 - 1.8 


0 


8 


K 


2 1 


2.S 
3-0 


* 


1 0 


T-± 
T-i 


0.2 ~ 0.9 
0.5 - l.U 


0 


9 


» 


2 2 


3.5 




1 0 


T-± 


0.7 - 1.7 


0 


10 


R 




0.5 




1 0 


T-Jt 


0.05-O.U 


0 




R 


1 5.2 




* 




T-*± 




0 


12 


ft 


1 5.1 


0.0 5 








0,05-0.3 


5 


13 


R 








1 0 


T--t 


1.0 ~2.0 


0 


Sift*. *«*7 0 m 
#J»P s> K : O.toDl FB*JSlCb9i. f^■&*^5m 
a?y^l»i/9^«Saa : 1 5 0 0 5 kPa 
No.1- I2I4H7 (B) »*T?a!»^Ute. 
| to.13 IJB7 (A) lt*f*J*. »*T?a?^Ufc. 



[0 0 3 4] & \<ntem>WRbfrt£t.S^ 'pt£<k 

14. 0. lmmU±3mm&,Tm&&Z®btlZ~l: 

=■77"* Six, ^te#*£LTL£v^;£L<ftv\ S 

S„ ;?yr7^^3mir,S-S?L5i. =>7#R 

[0 0 3 5] »£M2 

1) GeO.#2 5mo 1 %^0£*VfcS i Oid^ft 
4 h Lfc. 

2) ±IH^7^P5- K*±SE7^7^^'l'7'lCj*AU _t 

SWT-ILL (B) ©»teJI£^LT#7*^V7'U:@ 
i£U #7 7,SffiffiJt;S5l 8 8 0°C. ^SU±5kPa, 
0I5S1O r p m «T, flmtfc^fcfflK 



JffiliTffizi^tLT^y^L. 1S6 9. 8mm,(.0 

3) ^tti-fcK^mffwaw^ffijgsraustfc^. 

^fl<75VADffilCj;(5^^WW^UT^^3. 1 f& 
WiffiS i O,or;^>r-y hR&M&U *77-f'W 
(7"y 7;*-*- A) tLt. 

4) ^bftfc7t7r^^7*y7d— A^SJO^Sb*!?! 
tffiX-iSI?IU %77^^tLtl, ^<D%7 7 -<W$t 

1 5 5 OnmOSfC, PMD : 
0. DSps/Am, 6iSS^: 0. 3 3dB/kra, : 
- 7 6ps/Wnm, tMS^b-T" : + 0. 1 Ops/km/ 
nm', Aeff : 1 6 urn', X c (2m) : 7 7 Onra, i£@2 
0™*©*ltm: 0. OldB/m ^Sl'^^fc 

[0036] m&ms 

m l 0 iC^1-J: 5 fc> G e O, ^ft^SB-C 1 5 m o 1 % 

mjjaztitt?&7 xfrbtez^t-n m&i. 2mm 

*) RVZOftm&F&l. 3mo 1 %feOP$Hfc5^ 
#7*A>6>#.51:®1 5mm*W^7^0 ;/ Ki£MML 
fc„ Z.<DJ37?.v y h'tt<P>bU%#7Xn-y K, Ftt 
gR£#7*<"W7"i: ur*»l^ro3 77'7;i£ttiev^ 

< , Wfcli^ttllgA^tfgtl^R 2000-4462 

izHtitmmtft&.X'ZS. *fc. F»SB4:^77;/-! 
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47k LtCVDST'G e O, fcS^S* -WBfcrtW 
ItldiiJ^L-CfciV^ m *S7 0mm*, Aft 
1 7mmt»KS i O.S^7 , £Sp«IU fJiEKJlU 

ffl£H7<75 (B) K*tlKf«*-eB]6fC-Flill4»6 
a?^ Ufc. = ^^ftftttJH* 1 8 60TC, tlESE 
4k Pa, (Hie&l 0 r pm-pfcofc„ =7^»7 
®, *JSEW2i:lW^ICtT3. 5§«)«Si0.^7- 

#ffiT«5IU 7t77"f^i:Ufc 0 z.<n%,7 7 ft 
ttiW^fcti*, 1 5 5 0 nmrojfc6T\ PMD : 
0. 0 5ps//"km, 0. 2 6dB/kra. : 

-4 9. 4ps/km/nra, #ft* : - 0 . 0 8ps/ 

km/nm ! , Aeff : 1 9 Mm', A. c (2m) : 7 9 Onra, £ 
a2 0mm*«ftltm: 0. 3 dB/m i 1^5 ■ 

[0 0 3 7] Stt££?<l4 

H»!l2fc|i]«KL-caUJ*> <A) l-**1*5£ra#« 

(B) fcip-f J: 9 IE, 4. Smo l%<73GeOiiSffitlP 
SftfcS i 0.*>b*t). rtSl 7mm*> M2 0m 

W*#*£#^S#7*<*£S-l£Lfc<*, t«*WTL 
L"CtJ:V>U CVDjfelCJ:!3«53SSll^-<7*tGeO 

R^5^^'f7-±Wllfc*3V>M7. (B) IC^mC^A 
-rS^LTavT-^ Ufc. *#l4«ffiaa 1 8 4 0^ 
kPa, EHE&l 0 r pro^foofc. iftKJ: 

»*figft©=7©#Rlpli0. 4%-Cfcofc„ = 7ro# 

fc^#(b^fc7t7 7f^ro ! RH4Sr^tfcir6, 15 
5 0 nmi7)jSg-e, PMD: 0. 0 7ps/,Tkm, ^iSS 
* : 0. 3 5dB/km, »i:-10 2 ps/km/nm, 
*n-:/:-l. Ops/km/nra', Aeff : 1 0 na 1 , 
I c (2m) : 1 4 5 Onra, 2 Oram* rc>fltf*S£: : 1 8dB/ 

fc. 

[0 0 3 8] 5 

7y* (F) 5mo l%SS*PSh.fc53S*>?><e5 

3 ilHHflttT, 1 Omo l%roGe0.iS'Si*D$Kt 
S i O.^fe*?), rt@7mm*, WSl 2mm*J)rt 

@«r, &ftmm<o9\-mz.mibtiit&s i crows 

SB. H^-JItSiiT-Wll 0 0mm*T*.5^7^ 



#*£Wi-5#7*#££j£Lfc'<t, tf-MSrBBTLL-C 
tiV^U CVD&lE* S&^S^T'lEG e O. - 

ny^^vim&^^ML (b) i^-im^A-? 

B!lLt=>77^lfc. ftttliXSJUEl 9 2 01C. * 
a±3kPa, [hNE&I 0 r pm-Cfcofco rftltj; 9 
*WS9 9. 6mm*©7 , y7d— A^Kfls*#fc„ t© 
rP[W)ftCD=>7ro#fWi0. 6%T?fcofc„ #R4M$S 

^»$iji»5l*i£KJ;!JiS§IL-C, 77^y<itL 

1t„ ^t>tXfcJt7 7-1'^roit$tt^aiJ^tfct '6, 15 
5 0nmfflEfit, PMD: 0. 1 Ops/Am, 
&:0. 2 3dB/km, #»:-2. 5ps/km/niD, 7>ft 
^n-7':+0. 0 7ps/km/™\ Aeff : 8 0m 
m', X c (2m) : 1 1 0 Onm, 2 0 mm * Wfllfffl* : 2 

dB/m k^^ mi 2 <r> (b) i^-ris^yv^^rs! 

MSO? h 7 7^ 
[0 0 3 9] ±I5=&*»JT-It^7^n y h*&tf#7* 
/V7 , ©**roK&i: LXVADffifCiSWXIiVAD 
Stay K-f y=77"^iSfeS:*a^*>*fc^JS:*ff fc 

±ffirolQII« fc lsl»K:3ai»fc1» 
10 0 4 0] 

7roflS.fc. 3HIW>ft<, ^«^SCP3Jcav^ (*nW 

®<a»T-fo4) . *7 7"f/<««at«t7 7 

^iT,-eti,icBJT*»*^^1-5 fcrofcfflv^ r tit J; 

0. ®ltft7n7 7^&^07t7 7^##£ :a r# 
R*afft8lUt-e# 5. *LT, 7t77-T/<#**»=>7 
^RW1SV^T-77l'^ft-t5i, PMD»*7 
7<<'<i>mhi\t>. Z<Di.HZPMDW&^1f7 7'('< 

lieatflnwsatvr, a. 

5. 

[&2] «WoP^An-SOBBWI*r*+««H 

[B3l *%B^rote»S»)i««r*'t-W>&!ftWl§lT*fc 
5. 

I H4 ] *»k»p y^iMnmrnmrn. 

[ H 5 ] ^^roHS^fc'lsv^roRgffi/SSr^-r 
[Me] *%Kro5itte©KM($**-rmB&RWia 
[&7] **W»3Ettt«0SI*ttW**^W^H 
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[Hi.] «W<OHI=te»*WW«<rS%+«««WH 

[ Hi o ] *»KwjUSfl»J3-cffl^fc=>ro y vnm 
tft^sig&^-rigiTfci,, 

[ Bl 2 ] #3S!fl roHW'J 5«^7d^ Kcoa 
[ Ill 3 1 Jt7r-C^©=r^R^i:PDM»B8«S: 
[ Eli 4 1 El 3 rofrft7 7'f/<<Pfl#f3M»%frziW' 

I an s i («®!ia«) ifc«»sKiM-r4®t?fc 

[ Hi 6 1 t&ttfe (WSyEB) *r«BBBlWi-aH-e*) 
[ULLl 



5. 

[ fil l 37DJ- Kitf?*^^^!*^- 

I #7*P5>K 2 

7", 3, 3a&tf3b 4 ^i- 

*, 5 a atf 5 b ^^-^-fT-WffiS^ 6 JS'fcBf 
*, 6aW6c RfSfflS. 6 b 3£g9S. 7 
M-frftA. 7 aRU7 c RffiSS. 7b 8 
SIS. 8 Sf&#. 9W10 SMB. 

II n<MftA. 11 a, HcStflld RfSiSS. 

i i b, mm) .lib. 
gas (n&e» . 1 2 n&feA. 1 3 ait- 
i3 a atj<i3c 13b 

gfS. 14 M^teA. 
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